Introduction
Venous thromboembolism (VTE) is a multifactorial disease, and the mechanisms contributing to this phenomenon include the classical Virchow triad: hypercoagulable states, stasis and endothelial damage [1] . In addition to well-established, acquired risk factors for VTE, over the past decades, several lines of evidence emerged, pointing to a role of genetic risk factors mainly related to the hemostatic system, influencing thrombosis risk [2, 3] .
The relationships between malignant diseases and VTE lead to well-recognized complications of cancer [4, 5] as the increased risk of VTE develops in advanced disease, being influenced by increased tumor cell burden, by immobilization due to tumor cachexia or pathologic fractures, and by mechanical compression of the veins by the tumor mass [6, 7] . However, the contribution of preexisting hereditary risk factors to the occurrence of venous thrombosis in cancer patients has not yet been widely studied [8] . During the last few years, major advances have been made in our understanding of the contribution of genetic factors to the risk of VTE [4] .
In this study, therefore, we aimed to determine the risk of an association of VTE in cancer patients with some genetic polymorphisms that have frequently been report-ed: factor V Leiden (FVL) [6] ; factor V R2 (FV H1299R) [9] ; the prothrombin G20210A mutation (FII G20210A) [6] ; the C667T mutation in the 5,10-methylenetetrahydrofolate reductase gene (MTHFR C677T) [6, 8] ; the A1298C mutation in the MTHFR gene (MTHFR A1298C) [10] ; the 4G/5G sequence polymorphism in the promoter of plasminogen activator inhibitor-1 gene (PAI-1 4G/5G) [11] ; the G ] A transition at the nucleotide -455 ␤ -chain of fibrinogen ( ␤ -fibrinogen -455 G ] A); the G ] T transition in exon 2 of the coagulation factor XIII A-subunit gene (FXIII Val34Leu) [6] , and the substitution of proline for leucine (Leu33Pro) [12] in the glycoprotein IIIa gene (GpIIIa HPA-1a) [10] .
Subjects and Methods
This study was performed at Celal Bayar University, Manisa, Turkey. The institutional ethics committee approved the research proposal, and all patients and control subjects provided written informed consent in accordance with the Declaration of Helsinki. Among a total of 78 subjects, 28 cancer patients who had their first proven episode of VTE were selected for the patient group. This group was compared with 50 healthy volunteers (healthy group) who were matched for age, sex and body mass index. The VTE diagnosis was made clinically and confirmed by color Doppler ultrasonography, phlebography or ventilation/perfusion scan.
Blood Collection and DNA Analysis
Blood was withdrawn from the antecubital vein into three Vacutainer tubes (CTAD and EDTA; Becton Dickinson) and separated into plasma and red cells by centrifugation at 3,000 rpm. DNA was extracted from white blood cells using the QIAamp DNA Blood Mini Kit (Qiagen, Hilden, Germany), and stored at -80 ° C for later use. The investigators who performed the determinations were blinded as to which group the sample was taken from. The following nine polymorphisms of genes encoding proteins involved in blood coagulation, platelet function and fibrinolysis were analyzed: FVL, FV H1299R, FII G20210A, MTHFR C677T, MTHFR A1298C, PAI-1 4G/5G, ␤ -fibrinogen -455 G ] A, FXIII Val34Leu and GpIIIa HPA-1a.
Polymerase Chain Reaction (PCR) and Reverse Hybridization
The CVD Strip Assay (Vienna Lab, Austria) was used to detect the previously described polymorphisms of genes encoding proteins involved in blood coagulation, platelet function and fibrinolysis. The protocol was followed exactly as described by the manufacturer. In summary, the procedure included three steps: DNA isolation, PCR amplification, and hybridization of amplification products. The different gene sequences including the nine mutations/polymorphisms were simultaneously amplified in vitro and biotin labeled in two parallel PCR (multiplexing). The amplification program included an initial denaturation step of 94 ° C for 2 min, followed by 35 cycles of 94 ° C for 15 s, 58 ° C for 30 s, 72 ° C for 30 s, and a final extension step of 72 ° C for 3 min. The amplification products were selectively hybridized to a test strip which contained allele-specific oligonucleotide (short segment of DNA) probes immobilized as an array of parallel lines. Hybridization was carried out for 30 min at 45 ° C in a shaking water bath. After 3 stringent washes at 45 ° C, bound biotinylated PCR fragments were detected using a streptavidin-alkaline phosphatase conjugate and color substrates. Upon positive reaction, a purple staining was visible after 15 min [13] .
Statistical Analysis
To assess the association between genotype and VTE, univariate and multivariate (by using the logistic regression model) odds ratios (OR) with 95% confidence intervals (CI) were calculated. Fisher's exact test was used to compare demographic data between the control and study groups. Statistical significance was defined as two-tailed p ! 0.05. All statistical analysis was performed with SPSS for Windows (version 11.0; SPSS, Chicago, Ill., USA).
Results
Demographic data of all participants are given in table 1 . There was no difference in parameters between the two groups. The distributions of hemostatic gene polymorphisms in the study group and the control group are shown in table 2 . No homozygote mutant alleles were found for FVL, FV H1299R, FII G20210A and FXIII Val34Leu in both groups. The differences in frequency of the genetic polymorphisms were statistically insignificant between the study group and the control group (p 1 0.05). Logistic regression analysis after adjustment for age, sex, smoking and hypertension also did not show any difference. The genotypes of the FVL, FV H1299R, FII G20210A, MTHFR C677T, MTHFR A1298C, PAI-1 4G/5G, ␤ -fibrinogen -455 G ] A, FXIII Val34Leu and GpIIIa HPA-1a genes were not significantly associated with VTE risk. 
Discussion
Similar frequencies of the gene polymorphisms of FVL, FV H1299R, FII G20210A, MTHFR C677T, MTH-FR A1298C, PAI-1 4G/5G, ␤ -fibrinogen -455 G ] A, FXIII Val34Leu and GpIIIa HPA-1a were observed in cancer and healthy subjects. Therefore, the findings of this study do not point to an association between these nine polymorphisms and risk of VTE in cancer patients.
The most widely reported, inherited thrombophiliarelated mutation in cancer patients is the FVL mutation [12, 14, 15] . Although activated protein C resistance due to FVL mutation is a frequent cause of VTE, some authors have reported that the FVL mutation does not play a major role in the hypercoagulable state of cancer [16, 17] as in our study.
A recent study showed that FVL mutation was not associated with increased risk of thrombosis, but that FII G20210A was suggested as a factor contributing to the development of VTE in cancer patients [16] . Conversely, Eroglu et al. [18] observed that FII G20210A polymorphism was not related to increased risk of VTE. In one prospective study, the prevalence and clinical significance of four gene variations (FVL, FII G20210A, FXIII MTHFR C677T and Val34Leu) were evaluated in cancer patients, with and without VTE. No associations between these four polymorphisms and risk of VTE were observed [6] . There were no significant differences in the preva- lence of the nine polymorphisms analyzed in our investigation between the group of cancer patients with VTE and the control group. The present data confirmed that the FVL, FII G20210A, MTHFR C677T and FXIII Val34Leu mutations are not determinants of thrombotic risk in cancer.
Limitations of our study include the fact that the sample was too small to have enough statistical power to obtain sufficiently narrow CI. Equally important, unequal numbers of cancer patients with VTE (n = 28) and healthy subjects without VTE (n = 50) were enrolled in the study. This study shows that establishment of the risk in association with some genetic polymorphisms involved in VTE, and of the potential benefit from screening for this condition in patients with cancer, remains imprecise. The relationship between cancer, coagulation and thrombosis is a very complex issue that deserves further study in larger series.
Conclusion
Our findings show that frequencies of the nine gene polymorphism were observed in both cancer and healthy subjects. Therefore, there was no association between these polymorphisms and the risk of developing VTE in cancer patients. Hence, there will be no potential benefit from screening for these genes in cancer patients.
